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ABSTRACT: The three-spot swimming crab Portunus sanguinolentus (Herbst, 1783) is a 
commercially important fishery species, widely distributed in the Indo-Pacific region. The 
gene diversity of P. sanguinolentus in the Indo-West Pacific region (India, Viet Nam: Nha 
Trang. China and Pakistan) was evaluated by using mitochondrial non coding 16S rRNA 
gene sequences. In 16S rRNA a total of 6 haplotypes (h) was identified from 10 sequences. 
The haplotype diversity (hd) was (0.889±0.075) and significantly different (P<=0.01). The 
nucleotide diversity (piπ) was 0.00815 ± 0.00379 and shown non-significant difference. 
Neutrality test Tajima’s D was estimated (D = -1.55773) and P > 0.10 negative, and no 
significant deviation from mutation-drift equilibrium. Evolutionary divergence in overall 
sequence pairs of P. sanguinolentus was 0.042 ± 0.005. The topology evaluated that P. 
sanguinolenus of Indo Pacific region were closely related to each other as supported by the 
bootstraps as gene flow is present. 
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INTRODUCTION 
 
The three-spot swimming crab Portunus sanguinolentus (Herbst, 1783) is a 
commercially important fishery species, widely distributed in the Indo-Pacific region and 
tropic regions from East African to Hawaiian waters (Stephenson and Campbell, 1959; 
Sumpton et al., 1989). According to Klinbunga et al., (2010) both P. pelagicus and P. 
sanguinolentus are distributed from the intertidal zone of approximately 50 m depth along 
the coastline. These swimming crabs also provide an excellent source of nutrition because 
of its high protein component. Portunid crabs are further supported recreational fishery as 
an important component of the food web and are the principal source of food for numerous 
fishes, birds and carnivorous animals.  
According to recent FAO's Fishery Statistics Summary (AHFSP, 2012), Portunids, 
exceeded than 150,000 tones in the worldwide fishery catch and have also a significant 
contribution in Pakistani fisheries. A total of twenty-two species have recorded in Pakistani 
waters. Out of these, P. pelagicus, P. sanguinolentus, C. feriata, S. olivacea and S. serrata 
are commercially important and they constitute 63% of the total catch of the fishery. These 
species form a significant part of shellfisheries; they are available in the local market and 
exported as fresh, canned and frozen products. P. pelagicus and P. sanguinolentus are 
dominated in landings on the coast of Pakistan (Takween and Qureshi, 2001). Total landing 
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of these crabs was highest 5,680 metric tons in 1998 and 5,840 metric tons in 2009. 
However, the total export of the crab was 4,037 metric tons, including alive and frozen 
crab meat (AHFSP, 2006). Similarly, the total landings of crabs were 5,840 metric tons in 
2009, out of which 1,616 metric tons exported in frozen condition, whereas 3,464 metric 
tons exported alive (AHFSP, 2012). Pakistan exports Portunid crabs to many countries, 
including the USA, Japan, and Malaysia. P. sanguinolentus and P. pelagicus are exported 
in frozen condition (Takween and Qureshi, 2001; 2005; Khan and Mustaquim, 2013; Khan 
et al., 2014; Rasheed and Mustaquim, 2010; 2014).  
Detection of the genetic variations using different molecular markers (mtDNA and 
Nuclear DNA) is helpful in the genetic improvement programs of economically valuable 
species. The characteristics of mtDNA make it a good choice as a molecular marker for 
population studies and fisheries genetics (Imai et al., 2004; Shekhar et al., 2005; Klinbunga 
et al., 2010). 
 The different species of Portunids have variable distribution throughout the world. 
These swimming crabs exhibit moderately long planktonic larval phases in their life cycle 
and dispersal potential/high mobility rates (Kangas, 2000) therefore possibility of 
extensive gene flow is expected in these species between conspecific populations on a 
geographic mesoscale (tens to hundreds of kilometers) (Klingbunga et al., 1990; Vartak et 
al., 2008). Previously, there have been no genetic studies of P. sanguinolentus in Indo West 
Pacific region with the exception of Ma et al., (2016) and Meng et. al., (2016) as they 
characterize the complete mitochondrial genome and phylogenetic relationships of P. 
sanguinolentus. 
The aim of the present study is to investigate genetic diversity in a widely distributed 
P. sanguinolentus in the Indo West Pacific region by using mitochondrial non coding 16S 
rRNA gene sequences from the India Viet Nam: Nha Trang. China and Pakistan. This 
genetic information may be can be helpful for conservation and sustainable fisheries 
management of P. sanguinolentus and other species. 
 
MATERIALS AND METHOD 
 
Field sampling: 
Specimens of P. sanguinolentus were collected from the fresh fishery catch of the 
Karachi fish harbor and Taxonomic identification based on Tirmizi and Kazmi (1996). 
Sample for DNA extraction taken from the muscles of individual’s cheliped. 
Laboratory protocols: 
For DNA analyses approximately >25 mg of muscle tissues was removed from a 
cheliped of each freshly preserved specimen and freeze at -20 °C. Total genomic DNA was 
isolated from muscle tissue of the cheliped of crab using Qiagens DNeasy Blood and Tissue 
Kit (Cat. No. 69504). The extracted template DNA was quantified using a Beckman 
Coulter Du 730 Life Science Ultraviolet-visible (UV/viz) spectroscope or spectrophoto-
meter. Polymerase chain reaction (PCR) technique used to amplify the region of the 16S 
rRNA gene in mt-DNA genome. Selective amplification of approximately 700 base pair 
products of the 16S carried out by using the primer pair (Palumbi et al., 1991). To amplify 
the selected 700 base pair regions of the 16S gene in the mt-DNA genome, Polymerase 
chain reactions (PCR) technique used according to Schubart et al., (2006). PCR 
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amplification performed in an Applied Biosystems 2720 thermocycler. The amplified 
products recipe selected from Lai et al., (2010) and Schubart et al., (2006) included primers 
and mastermix with variable ratio. All PCR products initially checked by visualizing 
through the agarose gel system, then purified and sent to MACROGEN Korea for 
sequencing. These sequences then evaluated for their utility in species identification and 
confirmation. 
DNA sequence alignment and species identification: 
DNA sequences searched and compared for sequence similarity by using the NCBI 
web link (www.ncbi.nlm.nih.gov) BLAST (Basic Local Alignment Search Tool) based on 
BLASTn 2.2.26+ (Zhang et al., 2000). The new procured sequences along with all 
available other sequences archived in a molecular database from the Indo Pacific region 
are included in this study for further evaluation and relationship for statistical and 
phylogenetic studies. Furthermore, the procured non coding sequences has submitted to the 
NCBI nucleotide-sequence databases through BankIt (Standard GenBank Submissions) 
(Table 1).  
 
Table 1. GenBank Accession No of 16S rRNA gene in P. sanguinolentus. 
 
 GenBank Accession No of 16S rRNA gene  Country 
1 KU 296931.1, KU 296932.1, KU 296933.1 Pakistan 
2 
KF220522.1, KF220523.1, KF220524.1, 
KF220525.1, KF220526.1 
India 
3 KT438509.1 China 
4 AM41053.1 Viet Nam 
 
Statistical data analysis: 
16S rRNA gene sequences were first analyzed with the software MEGA 7 in order to 
evaluate phylogenetic relationship. Furthermore, mitochondrial 16S rRNA gene sequence 
data for Portunus sanguinolentus procured from GenBank. In total, 12 sequences from 04 
locations throughout the Indo-West Pacific, including sequences from Pakistan 
incorporated in this study. Collection localities, sampling size and GenBank accession 
numbers, summarized in (Table 1). Initially the sequences were aligned using the ClustalW 
1.6 algorithms (Tamura et al., 2007) using the default parameters with a 371 bp fragment 
showing high levels of sequence quality for all individuals. The best evolutionary model 
Maximum Likelihood fits of 24 different nucleotide substitution models (T92+G) was 
determined from the Akaike Information Criterion (AIC) implemented in MEGA 7.  
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Estimation of average evolutionary divergence: 
Maximum Composite Likelihood model (Tamura et al., 2004) and Tamura-Nei model 
(Tamura and Nei (1993) was used to estimate average evolutionary divergence over 
sequence pairs within species by a bootstrap procedure (1000 replicates).  
Evolutionary relationships of taxa:  
The evolutionary history was inferred using the Maximum Composite Likelihood 
method Tamura and Nei (1993), the analysis involved 10 nucleotide sequences. There were 
a total of 371 positions in the final data set. Evolutionary analyses were conducted in 
MEGA 7 (Kumar et al., 2016). 
Genetic diversity: 
DNA sp v. 5 (Librado and Rozas, 2009) were used for analyzing intra-population gene 
diversity and estimate standard indices of genetic variation: haplotype (hd) and nucleotide 
(π) diversities. Neutrality test Tajima’s D (Tajima, 1989) was also estimated. 
  
RESULTS AND DISCUSSION 
 
Fig. 1. Geo referenced records of P. sanguinolentus in the world including coastal waters 
of Pakistan. source: catalogue of life. 
 
Genetic identification and confirmation: 
The three-spot swimming crab Portunus sanguinolentus (Herbst, 1783) is a 
commercially important fishery species, widely distributed in the Indo-Pacific region 
tropic regions from East African to Hawaiian waters (Figure 1). The partial fragment of a 
non-coding gene, 16S rRNA mitochondrial DNA gene sequence (371 bp) was amplified 
and used for the assessment of genetic diversity and differentiation. After amplification, 
the product of 16S rRNA gene displayed a positive band when exposed to UV light for 
visual analysis. The number of base pairs was also estimated through amplified product by 
comparing with the known base pair (100bp plus DNA ladder) Gene Ruler. The procured 
DNA sequences were initially searched for sequence similarity using BLAST (Basic Local 
Alignment Search Tool) (Zhang et al., 2000) for the species confirmation based on at least 
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97%-100% identity for each query sequence. After confirmation, the procured non coding 
sequences have submitted to the NCBI nucleotide-sequence databases through BankIt 
submission tool (standard GenBank submissions) Pakistan (KU 296931.1, KU 296932.1, 
and KU 296933.1), the voucher specimen submitted in Marine Reference Collection 
Resource Centre Catalog No. BARC 360 Accession No. 2026. then the procured sequence 
used to calculate and estimate intra specific gene variability in P. sanguinolentus. 
 
Table 2. Summary 16S rRNA sequences: species, no of sequences used, total no of 
Haplotypes (P) and Haplotype diversity (Hd); nucleotide diversity (π) at 
significance level (P<=0.000) and Neutrality test. 
 
 
Genetic diversity and Evolutionary divergence:  
In 16S rRNA the numbers of haplotype was determined a total of 6 haplotypes (h) was 
identified from 10 individuals of which five from Indian (KF220522.1, KF220523.1, 
KF220524.1, KF220525.1, KF220526.1) and three from Pakistan (KU 296931.1, KU 
296932.1, KU 296933.1), one from Viet Nam (AM41053.1) and one from China 
(KT438509.1). The haplotype diversity (hd) was (0.889±0.075) and significantly different 
(P<=0.01). The nucleotide diversity (piπ) was 0.00815 ± 0.00379 and shown non-
significant difference (Table 2). Neutrality test Tajima’s D was estimated in P. 
sanguinolentus (D = -1.55773) and P > 0.10 negative, and no significant deviation from 
mutation-drift equilibrium was recorded. The low nucleotide diversity is also the 
characteristic feature of crustacean species (Schubart et al., 2006). The high haplotype 
diversity and low nucleotide diversity in P. sanguinolentus was observed and the similar 
results were also found in previous work (Gopurenko et al., 1999, Fratini and Vannini, 
2002). Whereas the Tajima's test was also calculated identified sequences which do not fit 
the neutral theory model of equilibrium between mutations. Neutrality test Tajima’s D was 
estimated in P. sanguinolentus negative and no significant deviation from mutation-drift 
equilibrium was recorded. Lai et al., (2010) found the Haplotype and nucleotide diversities 
of individual populations ranged from 0 to 1 and 0 to 0.013 respectively. In general, each 
species of portunid group displayed high haplotype diversity and low nucleotide diversity 
(Lai et al. 2010). 
Evolutionary divergence in overall sequence pairs of P. sanguinolentus was 0.0042 ± 
0.005. Intraspecific divergence within Indian population 0.004 ± 0.002 and was 0.003 ± 
0.002 within the Pakistan population (Table 3). Evolutionary divergence between Indian 
and Pakistani population was 0.004 ± 0.002, Indian and VietNam+China population was 
0.016 ± 0.005 whereas VietNam+China and Pakistani population was 0.015 ± 0.004 (Table 
4). Evolutionary divergence in overall sequence pairs of P. sanguinolentus was 0.042 ± 
 Sequences 
Haplotypes 
(h) 
Haplotype 
(gene) 
diversity 
(Hd) 
Nucleotide 
diversity 
(per site) (Pi) 
Tajima’s D 
India 10 6 0.889 ±0.075 
0.00815± 
0.00379 
D = -1.55773 
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0.005. Intraspecific divergence within Indian population 0.004 ± 0.002 and 0.003 ± 0.002 
within the Pakistan population. Evolutionary divergence between Indian and Pakistani 
population was 0.004 ± 0.002, Indian and Vietnam+China population was 0.016 ± 0.005 
whereas Vietnam+China and Pakistani population was 0.015 ± 0.004. The Bucklin et al., 
(1997); Fratini and Vannini, (2002) and Lai et al., (2010) revealed that the moderately high 
haplotype diversity and relatively low sequence divergence (approximately less than 0.5%) 
in Portunid crabs showed the similarity to the other marine crustacean and marine 
organisms likely due to the planktonic larval phase of their lives. 
 
Table 3. Estimation of average evolutionary divergence over sequence pairs within 
population. 
 
Populations N Evolutionary divergence 
India 5 0.004±0.002 
Pakistan 3 0.003 ±0.002 
Viet Nam and China  2 0.028±0.009 
 
Table 4. Estimation of average evolutionary divergence over sequence pairs among 
population. 
 
 India Pakistan Viet Nam and China 
India - 0.002 0.005 
Pakistan 0.004 - 0.004 
Viet Nam and China  0.016 0.015 - 
 
Phylogenetic Analysis: 
The evolutionary history was inferred in P. sanguinolentus including Pakistan by using 
the Maximum Likelihood method based on the Tamura-Nei model (Tamura and Nei,1993) 
through 16S rRNA gene. The analysis involved 11 nucleotide sequences out of which 03 
from the coastal waters of Pakistan showed the similarity with the representatives of P. 
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sanguinolentus from the other geographical region (India, China and Viet Nam: Nha 
Trang). Their DNA sequences were obtained from GenBank whereas the sequence of 
Scylla serrata isolates Ss7 16S ribosomal RNA gene, partial sequence; mitochondrial 
GenBank: KY062998.1 included as out group. The topology evaluated that they were 
closely related to each other as supported by the bootstraps and gene flow is present (Fig. 
2). The topology evaluated that they were closely related to each other as supported by the 
bootstraps and gene flow is present and attributed to the strong capability of swimming 
crab spreading during both larval and adult phases. Larvae could recruit into other spatially 
isolated populations through long distance transportation controlled by oceanic circulation 
(Johnson et al. 1984; Johnson et al. 1986; Hobbs et al. 1992; Mense et al., 1995). The 
present study also helpful to reveal the detailed genetic diversity of P. sanguinolentus and 
this information may be precarious for conservation and sustainable fisheries management 
of P. sanguinolentus and other species. 
 
Fig. 2. Molecular Phylogenetic analysis of P. sanguinolentusby Maximum Likelihood 
method Tamura-Nei model Tamura and Nei (1993) based on 16S rRNA gene. 
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